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METHOD OF MANUFACXCJKENGNONWOYEN AXQRASIVE ARTICLES 
USING DRY PARTICCXATE MATERIAL 



The TpiesBDl invciitiooDi relates tx> Ifae manu&cture of joionwovea afaiaave attioles. 

5 

NonwovQQ abrasive articles ««i^prising a nonwovea fibrous web to -which abrasive 
particle are attached kxiovm. and ase used extensively for deaniiig, abradings 
fimsUbog and polishing applicatzons <m a variety of outfaces. Examples of such noHivovea 
abrasive articles, andmetiiods by which they may be maxox&ctiired, are described in US- 

10 A*^Z 959 593. One mefhod conipErises fimxucg m open, air4Bid fibtous web, and spraying 
one surl^e of the wd) with a resin-abcasive shirry which is then cured The other surface 
of the web is thea sprayed with the same lesca-ahrasive shixry, which is also cured. Rolt 
coatiqg and dip-coatihg are mentioned m US-A-2 958 593 as attaoEative noethods of 
allying fhe resirt-afatasive slmry^ and it is also mantianed that the resin and the abrasive 

IS particles may be applied separately. It is further stated that it may be desir^le to ecaploy 
one ^fpe of hitidjer (for example^ a lyht treatment of an elastomer) jbr adhesively bonding 
the web fibres toge&er to ict^giiatB and unify the web» and a grit binder of di£Eerent 
conqpositioa for bonding the minraal gjcains to the integrated and unified wd>. 

20 Other nonwovea abrasive articles and methods fca their manu&cture are described in US- 
A-2 327 199; 2 375 585; 3 175 331; 4 227 350; 4 355 489; 4 486 200; 4 991 362; and 5 
363 604 

US-A-5 681 361 describes a method of making noowov^ abrasive articles, in which 
25 binder material and abrasive particles are ^ppUed to a nonwoven web in the form of dry 
particulate mate3ial> to reduce the use of liquid oxganic solvents during the xxxanufacturing 
process and thereby addi^ss environmental concems associated wifli the emission of 
volatile organic compoimds (VOCs). Optionally^ the fibres of the web are pie-bonded 
together at tfadr mutual points of contact before the abrasive particles and the particulate 
30 bhulBr material are applied. That pxe-boni£ng may be effected either (£) by applying, to 
the web, a liquid pre-bond resin that is then cured, or (n) by including, within the 
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constnictian of the melt-bondable Bbte& tbdt are caused to melt fuul tbie^ allowed to 
le-soKdify^. 

Th^ present invendcm is also conc^medwffh. the eaviromnental aspects of tihe 
5 mann&cture of nottwovea abrasives (iiiclvditig the use of Bqidd arssadc solveats and tlie 
accooapaii3PiQg risk fttat VOCs will ^cape into the atmospheie^ the enei^ requirements 
of die snaiiu&chiriiigpdCocesS) and the waste psrodaced), and is addilionally coneemed 
with enftMing nonwoven abrasive arSdes to be noanuiactucedfironi alternative xnatexials 
not previously considered suitable fiv thst pmpose. 

10 

The present invention provides a method of maldbg an abrasive article, inninHf^g the 
steps of 

(0 fiinnixig a tbree-diniensional nonwovea Snbious web contacted widi 
diy particulate notatenal that includes fiisfble bmder particles; 
1 5 (ii) e?£posing the web to condidons diat cause the binder particles to form a jObwable 
liquid bindet, and tbea solidifying the liquid binder to form bonds between Ibe fibres of 
the web and thetd^y provide a pre^bcHEuLed web; and 

(iii) wpfHyiag abras^e particles to the pre-bonded -web, and bonding the abrasive particles 
to die fibores of the pgre-bonded web to provide the abrasive article. 

20 

In a method in accordance with the invectioii» a pre-bonded web is produced ntdn^ dry 
m n teaia ls only: cotisequently^ no VOC^ need be emitted during dns p art of the method, 
and the energy reguireiDCBents are less fiian if liquid pre-bondresins were used. Any excess 
binder particles applied to Ibe web need not be wasted but can be recovered and re-nsed. 
25 Dining the pre-boxxding stage, an open, lof^ web having adequate structural str^igfh for 
use in a nonwoven abrasive artble can he produced using fewer, or le^ resilient* fibres 
than would be required if die web were toUrCoated or sprayed wilh liquid pre-bond 
remis. 



30 The terms '*open'' and 'lofty" indicate Ibat the pEe^^nded web is of coiupazaiively low 
densily, having a networic of uxany, relatively laige^ intcrcomnxamcaxed voids that 
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CQmpd$d tbe greater amoxmt (mace than 50%, prei&nibly substantiaUy moietl^ of 
the voliime oocnpied'by 'die web* la the cootesct of tbepteseot iaventioii, Ha^ temis 
lodicafae that the bonded web has a deosify no greater ikusax 50 Is^An^ preferably no gceater 
than 30 k^jn^ (especially vAim tfae web comptises ^fiiietic fibres). 

5 

By way of exaonple cuLy, metfiDds of manufactunng noEtwoven abrasive matedaU in 
accordance witix the pre^sil inveixfiQZi will now be described. 

A first rnethodin ac^^ordaoce with the iaventi comprises the steps a£ 
10 (i) (a)fQfEiritngfi37reshxtDathree»dmie^ 

(b) contacting the web with diypartxciilate material that includes fiisxhle binder 
pardcles; 

(ii) expodng the web to conditions Aat cause the binder particles to fnm a flowable 
liqoid bind^, and then solidifying the liquid bind^ to form bonds between the fibres of 

15 die web and thereby provide a pre^nrndedweb^ and 

(iii) applying abrasive particles to die pre-bondedVeb) and bonding the abrasive particles 
to flie fibres of tfae pre4>anded web to provide the abrasive axtide. 

Each of those steps win new be described in greater detaiL 

20 Step fpfa") Forming fibres into an open, lofty, three-dimensional nonwoven web 
The fibers that can be used to fbnn fiie nonwoven web include both natural and synthetic 
fibexa and mixtures thereof. The fibers are typically in the form of staple and may be 
tensilized The fibers can be curled^ cruiQ^ed or sixai^t. Suitable synHietic fibeis include 
those made of polyester (e.g., polyethylene terephthalate)« polyaojdde (&.g., 
25 hes;amethylene acfipamide^ polycaprolactum and arazoids), polypropylene, acrylic 
(formed firom a polymer of aciyloiiitrile), xayon, cellulose acetate, polyvhiylidene 
chloride-vjnyl chloride copolymers> and vinyl chloride-acrylonitxile copolymers, as well 
as carbon fibres and glass fibres. Suitable natural fibers include those of cotton, wool, 
jute, coco, sisal, flax oxtdhsmp. Anin^rtasoit consideration in the selection of the fiber is 

30 that it is capable of withstandmg the process temperatures to wfaicli it will subsequently 
be «8^sed (see below). Tbe fibers nsed may be virgin fibers or waste fibeis reclauned 
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fiam gdm^ cutting carpet innazinjguctuiin^ fiber xzkanufacturi]Q& or texfale processing, 
and 5Q fiRTih. 

The finales^ or Hnear daisity of the fibcis u^ed taay vary widely, dq^ending iqwai Ae 
lesulbs desired. Come fibers are genesaHy more cOTdudve to znakixig ahrasfve aiticl« 
for zoiigh abradmg jobs, while finer fibers are geacrally xnore api»opriat:e fbr l^s 
aggressive scoming ^ppUcatioiis. ITsefiil fibers geneiTlly are fhose having a linear dendty 
of from about 6 to 300 daoier (more espedally 10 to 200 denier) altboiigh finer or coarser 
fibers (or nnsctures flieceof) may be used dq>endiDLg, for e3saiiaple, on fhe plication 
envisased fi>r the fimsbed abca^ve artide. 

If fibres are provided in Hie form ofbalos, die bales sbould be opeaoed before use. The 
selected fibr» can then be diy4aid inio an opeq, lofiy, 1iare&-dimensional nonwiyven 
fibrous web in any suitable way* The wdi may^ tor &Kmspl&, be air-laid or csaided and 
caossJapped^ and may addifionaOy he needle-tacked. Processes for produciag such webs 
are well knowiL A preferred type of nmxwoyen web is an air-kid web as described in US- 
A.2 958S93. 

An air-laid nonwoven web oan be &!tiaiedhy a "Kando-Webber" machine commercially 
available ftom Rando Machine Co., Rtocedon, N.Y, Wifii simh proccssiB® equipment; a 
range of fibre lengtih? can be used althoi^h an average fiber length of aboirt 10 cm. is 
mostusuaL However, wittflus, as wifli other types of conveational web fiHcmh^ 
equ^mxent, fibers of different lengdis^ or combtnadoas thereof also oan be milled to 
form the Tionwoven web. As already mentioned, there are no particular lurotations on the 
thickness of the fibers (apart fiom those insposed by processing considerations), as long 
as due rpgaid is given to the resiliCToe and tou^bness ultimat&ly desired in die resulting 
web- 

The physical dLaxacteri$tics of the web at this stage should be selected havii® r^ard to 
the desired pcrqperties of the abrasive article that is to be produced. In some cases a very 
opCT^ low density, web might be required (for exan^ije, when fhe abarasive article is a 
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domestic scounngpad): in such a case» an air-laid web produced iisb^^ fine fibres could 
be imfeiEed. la otbier cases a less opeid, Ugtier density, web mi^ be reqnixed: in sucb a. 
cas&, a cazdedy cross-lapped and^dsedle-tacked web using coarser £hres coiilclbe 
prsfCTedw JxK each case, the ttdclaie^ of Ibe web will d^end on the way' in which the web 
5 is produced and also on ^enatace of ^ 

StepflQftil Contacting the web with dry narKcnlate m atei pgil that indttdes flisible 
binder particles 

Ihe noiiw^imn web ttiat is fotmed. as dracnbed in step (t)(a) above is then cotdtacted with 
10 diy partioulate material that includes fiisibllB biiuler panicles. The buader will 

subsequent^ be activated, as described below» to £axm bonds betweenthie fibres of the 
web and dms provide a pro-bonded web to which abrasive paiddles axe subsequently 
applied. The bindes: particles should therefiKre be selected hatviiigr^^ to of 
the web fihces and die subsequent processirig steps to wbkii the pre-bonded web will be 
15 subjected, and having tegard also to the desired properties of the abrasive article that is to 
be produced. 

Particulate materials suitable for use in bonding uonwovea webs ace knovm^ include 
thennosettins aud thecmcplasdc powders that are activated by hea^ as well as powders 

20 ' that ar« activated in other ways (for exanxple^ by rno^^ 

for bonding nonwoven wd^s for various pmposes are described, for cxsaaplo, in US-A-4 
053 674, 4 457 793, 5 668 216, 5 886 121, 5 804 005, 5 9767 244, 6 039 821, 6 296 795, 
6 458 299, and € 472 462. The particulate binder roaferials roost suitable fin- use in the 
manufactoce of abrasive ardcles aie tiiose that win provide an abrasive article with good 

25 stzeqgth and water/heat resistance and, for use wifii a uonwoven web as described above, 
die particulate binder materials should be capable of beiikg ac^vatad widiout danxagtng 
die weft} fi,bres. 

Thecmosetting particulate binder materials that have been pro]M)sed for use in the 
30 manufacture pf noiKvoven abrasive articles include formaldehydewcontaining resiiQs^ such 
as phenol fbrnialdebydj^ novolac phenolics and especially those with added ctossUzikizig 

— .r 
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ag^gnt heKameCbylenetettai^ phsmplststs, and ammoplast?; imsaturated 
polyest^ resiss; vmyl ester resins; dSkyd resins^ aUyl tesins; faranxesin^ ^oxies; 
polyoielhanes; polyimides; and fhexmos^ting acrylates. 

5 Thermoplastic particiilatelimdeTn^ that have bem propped for use in flie 

Tnannfactore of jxonwov^ afacasdve aidol^ vicliide polyolefin resin;? wch as poly^yl^e 
and polypropylene; polyester and copofy^ter re^n^ vinyl resins such as poly(vinyl 
chlcmde) and viayl chloilde-viixy] acetate copolymers; polyvinyl faiztycal; cellulose 
acetate; aecylic resins indnding polyaciylic and acrylic copolymers snch as aecylonitrile- 

10 styreoe copolymers; poIyaaaddes<eg.« iLexamefliylfflB adipaunde, polycaprolactom}^ and 
copolyaxmd^. 



Mixtocra of the a}?ove tbmnosettiiig and thmnoplastio particulate binder mat^ials may 
alsobeissed. 

15 

The melliods and eqidpnieat iisefiil for applying the i^aidculate binder mafftrinl to tibe 
nonwovenweib maybe selected fiiomamoi^ any kiiotvn to be suitable for acUeving an 
even distribution of the required amount of binder Tnatmri throughout the -wdb. Suitable 
mediods include powder scattering ox drop coating and powder spraying m sifiiog. In 

20 some cases, die ^licadoiL of particidalebindecinaterial to anonmiven wd> may be 
followed by an impregnation st^ in which die web is passed through an alternating 
eleotrioal field to distribute tiie binder material throughout the thickness of the web. A 
preferred method of applying the parficulate binder material to thenonwoveai web uses 
an elfiotrostadc powder spray gjon, of tlie type known for use in powder coating 
25 applications^ to direct electrically-charged binderparticles downwards towards die web 
while the latter is being carried en a grouoded, electrically-conducdve open-mesh 
conveyor. Thebinderparticleswillpenetratelfaewhole tbiclaiessof 11^ 
combined effects of electrostatic attraction, fiowof atomising air fiom the 3p£a3fgu]i9 and 
gravity; and excess bmder material lhat passes through ihe web can be collected below 

30 tixe conveyor andr^^cied. In some cases^ the w^ can be pre-nacnstened to mcrease the 
amount of binderparticles retained within it. 
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The size of the biouter particles is selected to suit the method by which ihe binder msteridl 
is applied tQ fhe noixwovea web add to eosura Usat flte particles are small eaou^ to 
peaielralB into the inteisdlial spaces between the £Dbers of fhe web. Jn genend, fine ]partLcle 
S size of fte binder particles is less than about 1 tarn, preferabfy less dian abont SOO 

xmcnmieters. la the case in wMoh tiie binder particles are to be qspfied to the web using 
an etectEOataSc powder spray gun» they preferably have a particle size no greater than 200 
micxomelsecs. To irnrtmiri^ wastage, fbe anu^uat of binder material applied to ^ 
nonwoveai web shoiddbe ajdjusted to thsntniniam anoount cc»isistmt wifhprovii£ng 
10 ad^inate bonding of the w eb having xeganl to die snbseqorat proces^qg to wMeh it will 
be subjected, and the nature of the abrasEve aiticle fixr winch the bonded web will be 
used. 

The binder matenal xoay be applied to the web hi admixtmre widi non^esiiioos powdered 
IS sutffitances snch as fillers, catalyst acoeiteiatots, flow aids^ pigment powders^ grfnflftig 
aids^ and anti^giieaiing ag^ts* 

Step fro Bonding the web fibres 

The nonwoven web containii^ the bindpr particles, foncned as described in steps (iXa) 
20 and (b) abovc> is then exposed to conditions that will catise &e binder particles to form a 
flowable liquid It is &tind that tiie binder liquid tends to flow alo^g and coat the web 
fibres so that, when the binder liquid snbseqaeody soIidi&Les> die web jSfares will be 
bonded together at their omtoal contact points. 

25 In die case, for example, in T\inch the binder inatetial is a heat-activated theimosetting 
powder (for example, a powdered epoxy resin), the nonwov^ web containing the binder 
material is heated to at least the curetempCTatnre of die resin. To prevent heat daroage or 
distortion to 1he web, the cure temperature of the resin should be below the melting point 
(where applicable) of the web fibers. The first effect of a temp^ature rise sufi&ciently 

30 above the glass transition temperature of the resin will be a softcnins of the binder 

material into a flowable fhiid-Iite state, which will allows die resin to wet or contact ihe 
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suxface of tibie -web fbxes. Prolonged e^posore to a sufQcieatiy lugii temperattme will liken 
trigger a cbeamcal Teactian in the lesdn, fbnziiziig a doss-linked tbree-dimeosioiial 
moleottlar network ffaat cartesponds to a rigid plastic axil bm the web fibics tPg^er at 
their mutual ccmtact points. 

5 

In thp i^e, tofi exaisple^ in which tbe binder matetrial cGtnprises ^emi-crystalluie 
thennc^lastiQ particles (for exanrple, polyolefins, bexamethyl^e adipaxciidd, 
polycaprolactnmX it is preferred to heat the nouwoveR web contaiziiiig the bindi^ mateGdal 
to at least the melting point of the biad^ material whereupon the thermoplastic paiticles 

10 become molten and form a flowable fluid To prievent heat damage or distortion to the 
webg the melting point of the binder material should be below the melting point (where 
applicable) of the web fibers (or brought into this range by incorporadon of a plasticxzer). 
Where non-crystalline thermoplastic particles are used as the binder material (e-g., vinyl 
re$itts, acrylic resinsX the nonwoyien web containing the binder material is heated above 

15 the glass transition and rubbery region points of the binder material nntil the fluid flow 
region is achieved. In both cases, after a flowable binder fluid has been piodoced, the 
nonwovCT web is allowed to cool so that flie binder fluid soUdifles and birute the web 
fibres togethear at their mutual contact points. 

20 Itl the case, for example, of a moisture-activated binder material (for example, a material 
based cm a vinyl ester copolymerX the nonwoven web containing the particulate binder 
material is sprayed with waterr to produce a flowable binder fluid. Thereaflerj the web is 
heated to a tetxtperature snf5cient to remove the moisture without damaging the fibres 
and tfano. leave the fibres bound together at their mutual contact points. 

25 

It may be desired that the pr^-bonded web at this stage has a certain mmirnnm thickness. 
For example^ when the web comprises natural fibres and is to be used to fomi domestic 
scouring pads, a minimum ttuctaiess of 5 mm may be preferred. 

30 Step <iii) Ap plying and haniltnp; abras ive paititiies to the pr»banded web 
58253GB(K>3 DesoipfiVn 
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Any appropdate mediod can be used to apply and bond abiasive particle to a pro-bonded 
web produced as described in step (ii) alxsve, having regard to the nature of the pre- 
honded web and flie abxa^ve asrticlo that ia to be produced. 

5 Abrasive particles suitabie for application to a pre^bonded web inclnde all known 
abrasive particulate materials as well as combinaiiQDS and agglomerates of such 
msiterials. The abrasive particles xoffyhe of any size, ftom less than one nncrameter to 2 
mm or greater. Included anxong the suitable abra^ve nj^exials are paitioles of inoxgamc 
materials, fox ^scample alurmnnm oxide including ceramic almrdnum oxld^ hea^treated 

10 aluminum oxide and wlute-fused aluminum oxide; silicon carbids; tunssten carbide; 
alumina zxrconia; diamond; ceria; cubic boron nitride silicon nitride; gurnet; and 
comhmatiozis of die foregoing. It is conten^Iated fliat abrasive agglomerates may also be 
used, such as those desciibed in U,S, Pat Nos. 4»652:^7S and 4,799>939. Suitable 
abrasive particles also mdude softer, 1^ aggressive materials such as tbermosetdng or 

IS tibieanoplastic polymer particles as well as united natural products sudh as crushed not 
shellSy foi eauonple. Suitable polymenc matedals for the abrasive particles ioctode 
. polyamide^ polyester, polyCvinyl chloride^ poly(methacryHc) acid, 
polymettQrlmcthactylate, polycarbonate^ polystyrene andmelamine-formdldehyde 
condensateft. Tb& selection of particle con^osition and particle size will depend on the 

20 contenqplated end use of the {iidshed ahiasxve ard^, taking into account the nature of the 
woziqpiece suxfiice to he treated by the article and the abrasive e£fect desired. Ihe 
abrasive pardcles should have a particle size small enough to allow penetration of die 
particles into "Bie tateistices of the pDd-bonded noeuwoven web. Chemically^aotive 
pardcles may also be used in combination widi the afixremoafioned abrasive particles^ 

25 mchiding particles known to be effective as grinding aids such as those comprising poly 
(vinyl chloride) as weU as particles providing effective lubricating propexties in the 
finished article such as those conpdsiag steacates of litibdmn and zinc, stearic acid and the 
like. 



3 0 The abrasLve particle s may be mixed widi a liquid binder con:g)osition to toon a shnry 

wiuch is tven ^^plied to thepre-bondednonwoven web in any suitable way (£br example, 
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byspxayiiig or by xoIl-coating>. Tb& shuxy loay be applied to cxoe side only of the 
xiouwovenweb or to both sides either simiiltaneQiifily or in torn. Iliebmdercoiiaposition 
is ttLCT cui^ to bifid Ihe abrasive particles to tiie fiDbres of the web. 

5 As an aUemative, tbe liquid bindBr oomposition may be applied ^lone to the pre^bonded 
web (fair example, by spraying or by loU-^OfltiDg) fbUowix^ wbich flie abrasive partioies 
can be drop coatB3> fipritdded, sprayed, or the Ixb^ m a dry condition xxptm a sur&ce of 
tbe fiar exaniple by conveyiiig the web beneaih abrasive particle dispenser. The 
binder compositiOEXx is then cured to bind &6 abtasive panicles to the fiOnoes of die web. 

10 

As a fuEtih^ altemativB, the abrasive particl» iwy be blended with a powdered resin 
binder, the blend then being appUedindiy fomtofiiepre-bondednoawovenweb. 

The binder used to bond Ibe abrasive particles to the pre-bonded nonwoven web can be 
IS any vesm or adhesive known to be suitable fox use as amake coat inabtasxves 

sfxanufaciura, inclnding water-based lesins. Bxamples of make coat compositions suitable 
for use in the mannfaoture of nonwoven abxasive noatedals are described in U&A-5 £91 
239, US-A-5 919 549, EP-A-0 776 733 and WO 01/62442. Preferred binders include 
phenolic resins (znoie especially for harder-wearing abrasive aitioles) and latesc resins 
20 (more especially for softer abrasive ardcles^ e^g. non-scratch for bathroom oleanbig), and 
they may contain additives such as fillers, hibricants,grmdhig aids, wetdz^ agents or 
surfactants, defoamins ag^ts^ and pigments or dy^. 

If desired, a fixrtlier lesin layer may be applied to the web after the abrasive particles have 
25 been attached. This optional resin layer (also known as a size coat) wlQ serve to 
consolidate the nonwov^ abrasive product and inctease its wear resistance. 

Desciiptioii with reference to the dravrings 

£xenq[>lary methods of the invention, in accordance with the above, wiU now be 
30 described with reference to tiie accon^anjring drawings, in which: 
Fig. 1 isascbematiciUustratifmof amethodofma^ 
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Fig. 2 illustrates aidDdificadon of part of the metliDdof Fig. 1. 

Id the axu^hod SHustrated in Fig. 1 , fibres 1 axe supplied to web-fonnxng equipment 2> &r 
exan^e a '*Rmdo Webber^ machine, to ptodnce a nonwoven fibmus web 3 that is fed 

5 into a powdei^coatixig booth 4 where it is contacted by a particulate pro-botid tesin 5 
gugppligd jBr"r» a fhnjisgmg ^qppgr ^- Optional diy particle additives (such a3 pigm^ 
powder and flow aids) that are to be applied to flie nonwoveavreb ai this stage may be 
premixed withfhe{Kte-boQdxedn 5 in the hopp^ 6. Thenonwoven web 3 is conveyed 
through the powder-coating booth 4 on anxetalEc apm mesh conveyor belt 7 that is 

10 eleotncally*groixnded,wd the parties ficomaboveby an 

electiostaticpowderspray gtitnS. Anyresini]iatpas$esthroughthe web3and1he 
conveyor belt 7 is collected at the bottom of the booth 4 and can be re-used. 

If desired, the web 3 can now be turned over and conveyed for a second time through the 
15 powder coating booth 4 to increase the amount of resin powder 5 that is loaded into the 
web at this Stage. 

The powdQ>*coniaimng noawoven web 9 is then exposed to couditians that will liquefy 
the resin paiticles to a flowable conditiCEn, following which the lesin is cured to £ctfm 
20 bonds between the web j5bres. In this exanqile, the web is passed through an oven 10 in 
which it is heated first to liquefy the resm so that it will coat the web fibres, and then to 
cure the zesin so that it will bond the fibres together at then: izmtaal contact points. Ihe 
pre-bonded web 11 leaves the oven 10 and is allowed to cooL 

25 The pre-bonded web 11 is then passed through a first spiay booth 12 in wWch one surface 
of the web is sprayed with a slurry 13 of abrasive particles noixed with a fiquid make-coat 
bioder resin which is subsequently cured by passing the web through an oven 14. The 
web then passes through a second spray booth 1 5 in which the other surface of the web is 
sprayed with the same ahrasive-resin sluny 13. The second resin coating is then cmed in 

30 a second oven 16. 
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In analtetnadve to fhe aixaiigement just described, the second spray booib IS andtbe 
second oven 16 are emitted and, iost&ad^fhe web 11 is tamed over when it has left the 
even 14andi&i comreyed again throng ibesptayl^^ 12 so that the cithfir side of tiie 
webcanbeqixayedwidith&sliiciy 13. The web is then passed for a second time fhwijgh 
5 the oven 14. 

la either cai^e, the lesulting nonwoven abcadve wi^ 17 can then be converted (following 
storage if xeqidredO into abrasive artkles such as^ for aanq}le» abia^ve pads &r hand use 
or domestic scouting pads as described in our corresponding patent applicatLOsa of even 
10 date (^licaat's Te£ no. S7906GB002)- 

In a modiSed version of fliis method, lha particiilatB pre-hond resin 5 may be xm^ed with 
the web fibres 1 priortolheforinaticmofthensnswovenw^xn&e w 
equipnieiit 2, In thAt case^ the powder-coadng boofli 4 is omitted. Tn yet ano Aer modfjSed 
IS version, flie powder-boating booth 4 maybe replaced by the equipment illustrated in Fig. 
2, cotk^risdng a powder scatteni^g unit 20 and apowder xn^egnation unit 21. la that 
case, the web 3 ifcom flue web-fbmoss equqonent 2 passe$ into the unit 20, wheie die 
particulate pie-bond resin 5 (togedier with any optfona] dry partide additives) is 
distributed evenly from adisp»ser 22 over the upper sut&ce of the wdb. Any issin that 

20 happens to pas$ through the web is collected at the bottom of the unit 20 and can be r& 
used The web then passes into tiie impr^jiatian unit 21, where it passes between two 
electrode plates 23 across which an alternating voltage is zppliedz the effect of this is to 
difitribme die resin powder 5 throu^out the drickness of the web^ following which, the 
web passes to the oven 1 0 as ta Fig. 1 . Brushes 24, contacting the tpper and lower 

25 surfaces of the web are located downstream of the impregnaticzi unit 21 to remove any 
excess redn powder, whidi can be collected and re-used. 

A method of the type illustrated in Fig. 2 is described in EPA^-O 914 916, while a fintiter 
alternative method of contacting a j&brous web with a powder is described in EP 0 025 
30 543, 
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Examples 

Embodizneiits of the invemlicm are desctibed in tie fibUomiignon-linntmg msnspl^ in 
which all the parts aod percentages are by weight uxdess indicoied cjfhexwise, 

5 The examples used the fi^omxig matedals, equipment and test Txiefi^ds: 
Materials 

Epoxy resin powder. **BecIciypox AF4" low temq^eratoze cure black tbecmofiet powd» 
(mean paxticle size 35 miesroos) from Dvpaat of Monfindison, Eranoe. 
CopolyamSde resSn powder: ''Vestamelt 350 Fl'* tbseonoplastic pcj^der 0-SO miGions 
10 &€m Degussa of Mfld» Germany. 

Powder flow aod; "^AerosQ 200^ hydroipbiiic finned sOica powder &om Degussa of Marl> 
OecDodny. 

Nylon 20 dtes st^le Bl>er: medium tsaazcSSy nylon 6,6 st^e fiber type '%T174I!^rr' 
firom Rhodia ofNeumiinstBr, Germany. 
IS Nylon 80 dtex staple fitier: nylon 6.6 staple JSber type ''RISC" ficom Rhodia of Azras, 
France. 

Sisal fibre: cut fibf e from Caruso ofEbersdorl^ Germany. 
Coco fibre: cut fibre from Caroso ofEbersdort Getmany. 
Poly{vinyl cbloiride) particles: "Etinox 631" from Aiscondel, Spam. 
20 Corundum particles: very fine grade (average particle size a^jproximately 50 microns) 
brown ftised ahimfriiiTm oxide from Perfiiney, Fiance. 
Lates resin: •^Slyiofen ED609'* from BASF, Spano. 

Cro2»&-linIdng agents: (i) Cyxjael 303 and (ii) Cymel 307 fcom Dyno Cytec^ Norw^, 
Phenolic resin: '7983SW^ Bxmi Bakaiite AG of Iseriohn-Letmathe, Gemany. 
25 Filler: calcium carbonate* 

Pigment: red or black, as required. 

Eaiiipment 

Fiber opener: from Laroche of Couzs La Vflle, France 
30 ^RandQ Webbo": an air-lay nonwovea web footning machitie from Rando Machine Co. 
of Macedon, NY, USA 
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Web humidifier: a wet^ spray liaad of a type iised far room ImnddGUScation, available 
fi*<Mn Hydiofog of Qiaoteloup les Vignes, Fcance. 

Powdes- coating eqnipnifiiit: "Versaspzay IT decttostatic spiay gi]n(s) finm Noidson of 
Westlab?, OUd;, USA, installed in a powder cxyzSax% booth (also available from Noidson) 

5 mi directed dowxKVt^ds towards a 30cdi wideliodzoiital m^allic open mesh conyeyur 
belt^ widch is electricaUy-earthed. The^each gmi was fitted wifti a 2.5 mm flat spray 
xiozde. The powder coating bootix was ptovided with a ftoidizing hopper to contaiii 
powder (fhe hopper being fitted with a vesatudpuiscp to siq^ply the powder to the gun); a 
recovety dramto collect waste powd^ at the bottom of fhe booth; and an ahr cosxtrolimit 

10 fi>r i^ulatim^ fhe siq^y of fbmdizmg air to fbe hopper, and of flow and atomizh^ air to 
the pun^ and gi]n(s). Tbte hopper, pimp andxecoveiy dtum are all available from 

Nordaon. The powder booth jneoTpprated fegtnres f^^ar feiMMecl fh^ .yifi^ Hsmaimg tffjyia 
powders (moludmg air esdiaction through cartridge and HEPA faters, and a £xe detecdon 
system). 

IS Infra-red oven: a 'X^uremaster Super" oven with three 1 kW short-wave infiar-ied 
heaters, available fionxTiisik of Snod^Iand, Tyne and Wear, UK 
Throi^-air ovens: a gas ovem (4 metecs long) and an electdc ovcti (2 meters long), both 
available firom Cavifiec of Munchwilen, Switzerland 

Abrasive spray equipment: a boofh equq>ped widi one reciprocating spray goo, 
20 availahle from Charvot of Orenoble, France and a ^xray booth equipped with two spray 
guoos, availahle as Model 21 from Bznks Manv&ctnrjng Company, of Illinois, USA. 

Test methods 

Schirfer cut test: This test provided a measure of the cut (tnatedal removed from a VTork 
25 piece) by an abrasive article under wet conditiozis* A 10.16 cm diameter circular 

specimen was cut firom fhe abra£dve n^edal tobe test^ and secured by apressur^ 
sensitive adhesive to a back-up pad that had been pr6>-conditiaDed by soakxnig in water. 
The abrasive matedal was also pre-wetted. Ihe back-up pad was secured to fhe driven 
plate of a Scfaie&r Abrasion Test^ (available fDomFrazier Precision Company. 
30 Gziibexsbva^g, Md), which bad been plumbed for w^ testing. Circular acr^ plastic 
work pieces 10.16 cm diam^^ by 1.27 cm tnkk^ available as "POLYCAST' acrylic 
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plastic &Qm Seelye Plastics, Blooimxigtoii, WtL. were enxployed. The xoitial wei^t of 
each work piece wa9 lecorded to lbs n^Atest mmigrsty n -pennr m?*"**^^ oalhe vrtsrk 
piece holder of the abrasion testegr. Hie water drip rate was a^t ti> 60 + 6 drops per rrnm^ 
A 4*55 Kg load was placed on the ahtasion ^ter wei^ platfosm aad fixe TvuM-mtPrfi 
5 abrasive sgpecimm was lowered onto the wods piece. Tlie machine was set to tun fbr 5000 
cycles and ihea tfntoma t ic ally stxspped. After each 5000 cydesof the tes^ die woik piece 
was wiped ftee of water and debris aiid weighed. Th? mrrtifiifltjv ift ^nt finr ga^^i 5QO0-cyrte 
test was die difference between the initial w^ght and ^ weight jfollowing each test 
Tear test: Thia test piovided a measure of the tearing strengfli of an atvasive anScle and 
10 was caixied out on an ELMEl4I>OBF machine in ifae ntanner described in US Patesits 
Nos. 1 423 S41 and 1 423 842. 

Load at break: This provided a measiro of the fbree needed the machine 
direcdon) to break a 5l3c}35 mm sample of abiasLve material and was canned out usipg a 
•Type 1101 Dynmnometer'', available ftom &istron Coxp. of iMbssachusetts, USA. 

15 

Example 1 

A 30cm wide anr-laidnoiiwovea web wei^hii^ 130 gfix^ and compiisixig 20dtex nyLosa 
st^le fibers was fiodmed on the ''Rando Webber^ machme at a rate of 2 m/!min. The fOire 
bales had previoi^y been pxe-opened using the Laioche fibre opener. The w«b was 

20 conveyed in Une on the horizontal metallic open mesh conveyor beOt through ifae powder 
coaxing boofh^ where epoxyxesm powder was directed at the web by a single "V«rsaspray 
n" spray gun located 30cm above the web. Ihe powder was sillied to the spxay gun 
from the hopper in which it was flni dized until getnlle bubbling using air at a pressuce o f 
0.5 bar. The air pressure settings of the spray gon were 2-3 bar jfor the flow (or primaqr 

25 air) and 1-1 .5 bar for the atomiziQg (or secondary) ah and the masdmmn voltage (100 kV) 
was ^plied. Resin powder was deposited in tihe web at a weigjit of about 58gto^, and 
any ^xy resin powds fitiat passed through die web was ccdl«ted in the recovery dram, 
positioned undemeadi the open mesh coave3m belt The powdoed web was thea heated 
in Ihe gas ovesi at ITO^C for 2 nun id fbse and cure the resin, udpg a low speed setting 

30 for the recixeulating air to avoid dislodgmg the zesm powd^. 
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Abrasive particles "vm^ tben ^^pUed to ilie bonded web in the following manner. An 
abrasive-resin sluny was prepared by xodbdng togedier thoivnigh^ corundum particles 
(55%)^ phi^ofic lesin (20%):, crater C20%}» £Iler (4%) and pigDaesst (1%), The sloxzy was 
then tiansfetced to lb6 sr^ly tanks of the spc^boirib eqiqpped wifli one teciprocatoivg 
5 spraygun. The bonded web was passed Ihroiigh the spcayboodiat a speed of 2xn/niina 
and one side of the w A was sparayed witti the shnxy at a weight in tibe range of about 180 
- 22 0 g/ta^.The web was thea passed Ifaron^ die ^ ovien in whicKh it was heated at 
1 SO^'C for about 2 ndnutes to cui«s ib& phenolic resin. The wd> was ihen turned over and 
conveyed again through the spray booth andlhe ga$ oven with the otEier sur&ce of the 
10 web i^perznost The xesnltibcig nonwoven abr^ve web was cut into abrasive hand-pads 
having a dunension of about ISO x 225 xmn. 

Example 2 

Bxan^le 1 wasr<^)eatedwdi the esception that the air-laid web was foimed from a 
IS mixtare of 20dte£ and SOdiesc nylon staple fibers (50% of each), and the amount of xesiQ 
powder d^Sftedon^ web was 47 g^^. 

Exanq>le 3 

Example 2 was irepeated with the epoxy resin powder replaced by copolyanaide resin 
20 powder. The flow and homogmei^ of the resin powder was inxpEoved by adding 0^% of 
powd^ flow aid and hy vibrating &e hopper nshig a vibratory table. Fhiidizing air was 
sii^plied to the hopper at a pressure of 1 bar^ and the air pressure setth^ for the gun were 
3 bar for die flow air mid 4 bar for the atomizins air. The amount of resin powder 
deposited on the wd9 was 28 g/kn^. 

25 

A 30cm wide air-latd nnowcivien web weighing 190 ^m^ was formed from the sisal fibres 
tm &e ^Hando Webber" machme at a rate of 2 m/mku ThBr Sim bales had prcviousity 
been pro-opened using tiie Laroche fibre opener. The web was conveyed in line dnough 
30 the powder coating booth on the open mesh ccmveyor beh, inhere copoLyamide resin 
powder (blended with 0.5% by W4^ght of flow aid$ was directed at the web by two 
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"Veiaa sp iay IT' spora/ guns, airanged one behind cstlaes, that were &u^d 50cm above 
the web and moKxied on opposite fiides of ^ vectical at an. angle in flie range of 20^ - 30"*. 
TherGab.po\iinterwa$$i^Hedto mwliu:(bicwasflxndized 
until gently bubblitkg usix@ air at a pressure of L5 bar. Tbe air pressure settings for flie 
5 giUQswere2barfor^fIowairand Ibarforfhea^ 

(ICM) kV) was afvplied. Resin powdeor was d^osited in flie web at a wd|^ of about 60 
gAn^ and any lesin powder Hiat passed through the web was collected in the recovery 
drum^ positioned mitdemeath the open mesh conveyor belt The powdered web was then 
heated in line, first m the infrared oven at a tenoperataxe infte range of 150- 160^0 
1 0 with the beatsns portioned 3 cm above the web to pre-set the resin powder and then m 
die deciric oven at a tetopo^tuxe of 1 6 O^C nsix@ a low*speed siting for the recirculating 
air. llie total residence time inftie oven was 1 nun. 

The web was then tnmed over and conveyed again tlnmiffh die powder coating bootti and 
IS Ifae ovens with the otiiersiJ¥£u:e of the web iqppennosL 



Poly(vinylchloride) particles were then ^lied to the bonded web in ihe following 
mamLeoT' An abrasive-resin shury was prepared by thoroug^y nxbdng together the 
particles (25%) and tiie latex i&ssa (68.5%) with the cross-linkmg agents (1 .2% of (i) and 

20 5.3% of (ii». The slnrry was then transferred to Ihe supply tank of the spray booth having 
a single spray gun. The bonded web was passed through the spray booth ata speed of 2 
m/mm, and sprayed on one side with the slurry fixwn the gun which was recqjiocated 
across the web to ensure even coverage of the web with tibeslmry at a coating weight of 
about 300 g/in^. The web was then passed throng the gas oven in which it was heated at 

25 ISO^C for 2 znin. to cure tbe latex resin. The web was then turned over and conveyed 
again through the sptay booth so that it was ^nrsjred with shnzy on the other side in the 
same mamxex. It was then again passed through the gas oven. 



The resulting nonwoven abrasive web contained 150 g/m? of thepoIyCvinyl chloride) 
30 particles and was cut into domestic scouring pads having dim^osions of about 75 x 90 



I 

\ lunx* 
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Example 4 was T6peate4 *vith the fonowing modifications: 

The nonwovea vf^h weighed 150 - 170 g/u? and WAS finnpDdd fiom fbe coco fibres oil tiic 
5 "Rando Webber" xoachioe at a dower rate (1 mAxiizi) to enable die cuzidg time for tbe 
lesiti powder to be increased (see later)* Befi»e entering the powder coater, tiiie web was 
humidified to increase its conductivity and^ thereby, its uptake of resin powd^. The web 
was hmiddified wixng the water qxiay head which was siqiplied with watiex at a pressure 
of 1 bar and alomizang m at aptessute of 2^ bar. Ihe powder coater used a single 

10 **Versaspray 11" spray gwa to direct epoxy resin powder at the w^ fiom a distancje of 30 
cm. The resin powder was fluidized in the hoppar of the pGwder colter using air at a 
pressure of 1.8 bar. The air pressore settings for the 1 bar for the flow air and 

0.8 bar for the atomizing air. Resin powder was deposited in the web at a weight of 250 
. The infra-red heater was omitted and the powdered web was heated in the electiic 

1 5 oven oooly, at a tenDpeoratare of 1 70^C for 2 min.y nsing a low speed setting ibr the 
lecttculatiDgair. 



Coimdnm particles wegce flieai applied to the bonded wd? in the {bUowing manner. An 
abrasive-resin slimy was prepared by mndng together thoroughly the particles (25%) and 
20 the phenolic resin (75%). The slurry wa;^ &en transfeired to the siqpply tank of the spray 
booth having four spray gtios. The bonded web was passed tbxbngh the spray booth act a 
speed of 2 in/jxdxi^ and sprayed on one side widi die sluixy from the guns to provide even 
coverage of the web with the sluny at a coating wesght of about 230 - 260 ^nr^. The web 
was then passed through the gas oven in which it was heated at 1 Eiy^C for 2 -mm. to cure 
25 thepheouolic resin- The web was ihm tamed ov^ and conveyed again through the spray 
booth so that it was sprayed with slwry on the ofher side in the same manner. It was tihen 
again passed tfarough the gas oven to yield a nonwoven scouring web which was cut irrto 
domestic scouring pads. 

; 30 Results (Examples 1 to 3) 

i Sanqp>les of the abrasive handrpads resulting fix>mExa^ 1 to3(San3plGs lt>3 

I 
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zespectrvely) were tested for abtasive pexfonnaxicei. Hi^ results are shcywn in ibe 
follawxng Table together mSx tbe results for a refermce sample (REF) psrepazed as 
described in Exainiple 1 ex^tlhattibtepre-boodedwi^imBprqMii^ 
phenolic resin applied by roll eoaling, laflxex than eposy resin powder applied as 
5 descsiibed. 



Sample 


Weight Of 
sainple (g/m*) 


Tbiclaiess of 


Scbiefer cut test for 
both sides of saniplie 
Cgms) 


Tear 
test 


Load at 
break (N) 


i 


491 


12.8 


2.6/3.0 


87 


95.8 


2 


493 


12.5 


3.0/3.2 




94.3 


3 


528 


13J1 


3.2^.2 


91 


115.8 


SEF 


56Q 


10.S 


2-8/3.0 


45 


90 



The Table above shows that flxe Samples 1 to 3 bad goodfALyaical/fiuicAka^ prcperlies 
10 and coixqparedweU with Iherd^erBEicesaixq^ llio tear strength of Samples I to3 was 
pardcularly good^ being about double that of the reference sample. The lower cut test 
zesults for Sanq>le 1, compared with those for Samples 2 and 3, were considered tobe 
dne to the higher flesibiKty of fhis sanqple resulting fiomthe fibres employed. 



15 The Table also indbafies that Sanqjles 1 to 3 had a lower densi^ (La ttiey were more 

open) dian the reference san^le because they w^ about 20% fhicker ahhoi:^ the uiitiQl 
fiber weights vrete abovt the same. This in turn mdieates the possdhOity of producing 
effective abrasive products using areduced amount of fibre* Moieover^ the more c^en 
fracture of Samples 1 to 3 means that they wiU be less likely to become cl<^e^ 

20 USB. The op^ stnictuie is coxi^dered to be a consequence of ifoe fact that the webs fiom 
whidi the S angles 1 to 3 w^ made were pre-b ended m a way that did not involve the 
web bemg subjected to pressure (e.g. as a result of contact by rollers). 



Results OElxampto 4 and 5) 
25 SanopLes of the domesdc scouring pads resulting fDomEza^ wexeusedfbr 
deanmg soiled dishes in a simulated domestic environment and» based on a visual 
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^sessment, were found to p&rSann at l&skst as well as conveaitioniil synfhetic scouiing 
pads and, geneially^ better tfaatt tradifianal scounng pads made fiomiiatural fibres. 

The scoming pads produced by tbe pxoc^ses of Example 4 azid S offer the advantage 
S tbat they can mor o easily be recycled afiiar use sine e Ifaay are £xnned utsing joatural 
vegetable fibres. Despjlte ihatp ftiebaznogeaieity of the sconringpads is compared 
with 1raditio3idiutiiral fibre sccni^^ an 
en^ironmentally-fiieiidly bvt coxnpaiatLvely standardized product In addMoD, fise 
scouring pads exhibit tbe advaatagBcus cpetmess of bodr t^iaditbnal natural £bte scourers 
10 and conventLonal syniihetic scourers^ together with the alurasiveperf^ 

These advantages are considered to be a consequence of the fact thai the scouring pads 
coD3|3rise a mechanically-fannBd (dry-laid) web of naiural £tffes winch is pre-bondBd in a 
w^y that does not involve the web being subjected to ptessore (eg. as a result of contaot 
by rollers) that could xirevetsibly conqnress or damage die web fibres. 

15 

An advantage of the processes desoibed in all of the above Examples is that no volatile 
organic compounds (VOCs) are produced in the fomiatLon of the pre-bonded w€bs to 
which the resin/afaxdsive slunies are subsequently s^pb'ed. In additLon, the en^gy 
required in these processes to produce the pre-bonded webs may be less than that 
20 required if a liquid pre-bond resin were used. Consequently, the environmental effects of 
the proce^es can be substantially less than those conventionany used to produce 
synthetic scouring materials. 

It will be appreciated that, althou^ the above Examples describe the production of 
25 abrasive hand pads and domestic scouring pads, metliods in accordance with the present 
izxvecdion could, with apptopriate changes where necessary in the materia and process 
steps employed, be used to produce other abrasive articles including, fisr exan^Ie, 
abrasive discs and jQloorpads for xise in abrading machines. 
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CXAIMS 

I 

1. Amethod of makisg an afaiasbe atficte^ inoludizig the stqis Qf 

(i) fotmb^ a dsree-dkneinfiioiial noniwtyveii fibxoiis web ctrntactedwitlL 
5 diy particulate matedallfaatinclu^ 

(ii) exposing tbe web to eoiiditions tiiat cause thebindo' pazdcles to fcnm a fLowable 
liquid tmder, and ttien solidBU^xEig the Uguid bizider to fboa bonds between the fibres of 
the web and thereby provide a pio-bozided web; and 

(iii) inlying abrasive paxticles to the pro-bonded web^ mA bonding the abrasive particles 
10 to llie fibres of thepre^ionded web tti provide &e abrasive article. 

2. AmeCbod as claixxied in claim 1, in widdi seep (i) caooprises jfomiing fibres into a 
tbree-dimeaisionalnonwovenweb, and liien contacting the web wiih the dry pardcid^ 
inai^edal. 

15 

3. A method as claimed in claim 1 , in which stq> (i) com{»!ises rnbdng filnres with th^ dry 
pactieuLate material^ and then fimniz^ the inixture istto a dgee^finifmmnnal nonwoven 
web. 

20 4. Amethod as claimed in any one of the preceding daims^ in which the fibxes of the web 
ooizqsrise synthetic fibres cnr natural fibres or nuxtmes thereo£ 

5. A method as claimed in clann 4, in wiudi <he fibres of tiie web compnae 
polyamide fibres. 

25 

6. A method as claims in claim 4, in which the fibres of (heweb con^nises coco» sisal 
and/or h^np fibres* 

7. Ameihod as claimed in any one of the preceding claims, in which tiie fusible binder 
30 particles coniprise diermosetfing or themoplastic matedala. 
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%* A method as claimed ia claim 7, in wMdi the binder paiticles aie selected fiom the 
group coxisistnig of: epo^^y xesbofi, co|xdyamides» amLcopolyesters* 

9. A. meihod as claimed in any coie of tibe precedinig olaims, in MiUoh die binder particles 
S have a particle size of less dian 200titn. 

10, A ineftiod as daixned u&any one of the preceding Qlaini$» in which the bmder 
pardcles are applied to die web wxthout applying a compTessive fbvce to the web. 

10 11. Am^od as claimed m any one of the preceding daims, in which the binder paxticles 
are deposited across the whole dnckness of the web ander due action of an electrcstatio 
force. 

12. A method as claimed in aiQr one of the preceding clahns, in which an electrostatic 

1 5 charge is applied to the binder particles; winch are fiiea directed towards the web while 
the latter is located on an elBctxically-groimded support svRjbce. 

13. A method as claimed in any one ofthe preceding clairoSi in which the web is e:^sed 
to heat and/or nK>isture to canse die binder pailicles to & the flowable liquid binder. 

20 

14. A mediod as claimed in any one of die preceding claims^ in which die abxasrve 
pazticles are bonded to the fibres of the pre-boaded web \sy at least a make-coat bizuter 
resm. 

25 15. A nob^tbod as claimed in claim 14^ in which the make^atbind^ resin is applied to 
the pre-bonded web in liquid fomi. 

16. A mediod as claimed in claim 14<»rd[aim 15, in which the abrasive partioles are 
applied to the pre»bondcd web at the same tixne as the mak^-coat bind« resin. 



30 



17. A method as claimed in claim 15, in which the abrasive particles and the make-coat 
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binder resin are applied to die pre-bonded web togedier 9$ a sbaay. 

18. A mediod d$ claimed in claim 17, in wtiioh tlie dotty is sprayed cmto tide pre-bonded 
web- 

5 

1 9. A mediod as alanned in any one of claims 14 to 1 8, in which the naakecost bindex 
tesin is selected fiom the gjco^ coaisisfins tesms» and phenolic lesins. 

20« A meOiod as claimed in any one of the preceding claims^ in which the pre-bonded 
10 webhasainaxxmiomdeDsi^of 50kg^ 

2 1 . A metSiod as claimed in claim 20, in which the pie-bonded web bas a maximum 
density of 30 iig/^m'* 

15 22. A method as claimed in any one of the precediiig claims^ in which the pre-bonded 
web has a mininxum thickness of Ssomou 

23 . A mediod as claimed hot any one of the preceding claims, in wMch the nonwovea 
fibrous web is formed by a dcy-lejong process. 

20 
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ABSnCRACT 

A mefliod of maldng ^ noawovega abrasive article (17) mcludes the steps of fonzmig ^ 
5 fbcee-dim^Dsicmal nonwoven fiOisroiis web (3) contacted with diy pattioijltfe znateiiaL that 
includes fusible bxnder partiGles (5); exposmg the web to conditiaDS that cause Ihe Mader 
particles to form a flovirablefiqmd binder; andthffl. solidi^mgtibie Hijaid binder to &an 
bonds between the fibres of fhewd) and lba:eb (II); and 

^t'lyiuS abrasive particles to tibiepre-bonded web, and boiKlmg die abrasive paidoles to 

10 tbe £0)165 of tiie ixre-bOTded web to provide the abrasive axficle. The fusible buder 
paxtLoIes (5) can be applied to Ibe noitWDVon filnrous web (3) after Ifae latter has been 
fonned, for axample by qpraymg the binder particles at the web nsixig an electrostatic 
powder spray gun (S). The abrasive particles mag be applied to tbe pr&-boaded web in a 
sfluny (13) fbnned by npoxing the pardcle& with a make-coat binder resin ftat b 

15 subsequently cured to bonded Ibe abrasive particles to the fibres of the pre-bcsided web. 



(Fi&l) 
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